Abstract. We present an alternative interpretation for the dynamical origin of the P 11 nucleon resonances, which results from the dynamical coupled-channels analysis at Excited Baryon Analysis Center of Jefferson Lab. The results indicate the crucial role of the multichannel reaction dynamics in determining the N * spectrum.
Here E is the total energy in the center of mass frame; G MB (q; E) is the Green function of the MB channel, which is expressed as G MB (q; E) = 1/[E − E M (q) − E B (q) + iε] for the stable channels and G MB (q; E) = 1/[E − E M (q) − E B (q) − Σ MB (q; E)] for the unstable π∆, ρN, and σ N channels. The imaginary part of the self-energy, Im[Σ MB (q, E)], is determined by the three-body ππN unitarity cut. The MB → M ′ B ′ transition potential is defined by
where m 0 up to E = 2 GeV and γ p → πN [3] and ep → e ′ πN [4] up to E = 1.6 GeV, respectively. Then the model has been applied to πN → ππN [5] and γN → ππN [6] to examine the consistency of our coupled-channels framework.
The pole positions of the resonance states can be obtained as zeros of the determinant of the inverse of the dressed N * propagator:
where the self-energy of the dressed N * propagator is given by
withΓ N * →MB is the dressed N * → MB vertex defined in Ref. [1] .
Here it is noted that within our framework the bare N * states are defined as the eigenstates of the Hamiltonian in which the couplings to the meson-baryon continuum states are turned off [1] . Therefore, by definition, our bare N * states can be related with the hadron states obtained from the static hadron structure calculations such as quark models. Through the reaction processes, the bare N * states couple to the continuum states, and then they become resonance states. Of course there is another possibility that the meson exchange processes arising from the first term of Eq. (2), v MB,M ′ B ′ (p ′ , p), generate resonance poles dynamically. Our framework contains both possibilities. In general, the physical resonances will be a mixture of the two possibilities.
The N * pole positions extracted from the EBAC-DCC analysis in 2006-2010 have been reported in Ref. [7] . In the following, we focus on presenting our findings for the P 11 nucleon resonances.
Dynamical origin of P 11 nucleon resonances. As shown in Fig. 1 , we have found total three P 11 resonance poles in the complex-E plane below Re(E) = 2 GeV. An interesting result is that two resonance poles appear in the 1st P 11 resonance region with Re(E) ∼ 1350 MeV, which are rather stable against large variations of model parameters within our approach [8] . The 1st P 11 resonance is famous as the Roper resonance, which is known to be one of the controversial baryon resonances. Our result suggests that the Roper resonance is associated with the two resonance poles. It is worthwhile to mention that other groups have also reported such a two-pole structure of the Roper resonance [9, 10, 11, 12] .
Another finding is that the two Roper poles (poles A and B in Fig. 1 ) and the next higher resonance pole corresponding to N * (1710) (pole C), are generated from a single bare state as a result of its coupling to the multichannel meson-baryon continuum states. Theoretically, Eden and Taylor already pointed out more than four decades ago that the multichannel reaction dynamics can generate many resonance poles from a single bare state [13] . In most cases, only one of such poles appears close to the physical real energy axis. However, depending on a reaction dynamics, more than one pole can appear to have a physical significance. Just a few such evidences were reported in the past (see, e.g., Ref. [14] ). Our result suggests that the P 11 resonances may be an important addition to it.
To examine how the three P 11 poles evolve from a single bare state dynamically, we trace the zeros of det[
. Each y MB is varied independently to find continuous evolution paths through the various Riemann sheet on which the analytic continuation method is valid. By setting all y MB 's to slightly positive from zero, the bare state (the filled square at E = 1763 MeV in Fig. 1 ) couples to all MB channels and many poles are generated according to the discussion by Eden and Taylor [13] . One of them appears on the ηN-unphysical, ρN-unphysical, and π∆-unphysical sheet and it moves to the pole C by further varying all y MB to one (the dotted curve in Fig. 1) .
Similarly we can trace how the two Roper poles evolve from the same bare state. It is instructive to see this by first keeping y π∆ zero and varying the other y MB 's from zero to one, which means that the coupling to the π∆ channel is turned off during the variation. With this variation, we can trace another pole trajectory moving on the ηN-physical and ρN-physical sheet along the dashed curve in Fig. 1 from the bare position to the point D with Re(E D ) ∼ 1400 MeV (the filled triangle in Fig. 1) . It is noted that the poles on the ηN-physical sheet is far from the physical real energy axis above the ηN threshold, while it is the nearest below the threshold. Therefore this pole on the ηN-physical sheet, moving from the bare position to the point D along the dashed curve, becomes the resonance close to the physical real energy axis as a result of crossing the ηN threshold. By further varying y π∆ : 0 → 1, the trajectory splits into two trajectories: One moves to the pole A on the π∆ unphysical sheet and the other to the pole B on the π∆ physical sheet. This indicates that the coupling to the π∆ channel is essential for the two-pole structure of the Roper resonance. In this way, we observe that all the three P 11 resonance poles are connected to the same bare N * state at E = 1763 MeV.
Comparing the values between the bare N * mass (E = 1763 MeV) and the Roper pole masses [Re(E) ∼ 1350 MeV], we observe that the reaction dynamics can produce a sizable mass shift. It often comes to an issue that the Roper mass appears very high in the static hadron structure calculations. In our point of view, however, it is not so surprising because the reaction dynamics is not taken into account in those static calculations.
Summary.
We have presented an alternative view of the dynamical origin of the P 11 nucleon resonances, which is summarized as the following two findings: The two-pole pole nature of the Roper resonance and the one-to-multi correspondence between the bare N * state and the physical resonance states. All of these findings are the consequence of the nontrivial multichannel reaction dynamics and thus indicate that we cannot neglect reaction dynamics in understanding the hadron spectrum.
